Two-photon probe excitation data are commonly presented as absorption cross-section or molecular brightness (the detected fluorescence rate per molecule). We report two-photon molecular brightness spectra for a diverse set of organic and genetically encoded probes with an automated spectroscopic system based on fluorescence correlation spectroscopy (FCS). The two-photon action cross-section can be extracted from molecular brightness measurements at low excitation intensities, while peak molecular brightness (the maximum molecular brightness with increasing excitation intensity) is measured at higher intensities at which probe photophysical effects become significant. The spectral shape of these two parameters was correlated across all dye families tested. Peak molecular brightness spectra, which can be obtained rapidly and with reduced experimental complexity, can thus serve as a first-order approximation to cross-section spectra in determining optimal wavelengths for two-photon excitation, while providing additional information pertaining to probe photostability. The data shown should assist in probe choice and experimental design for multi-photon microscopy studies. Further, we show that by the addition of a passive pulse splitter, nonlinear bleaching can be reduced, resulting in an enhancement of the fluorescence signal in FCS by a factor of two. This increase in fluorescence signal, together with the observed correlation of action cross-section and peak brightness spectra, suggest higher-order photobleaching pathways for two-photon excitation.
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